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SPECIFICATION 

TITLE OF THE INVENTION 

SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE 

5 BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a semiconductor 
integrated circuit device, more particularly to an 
oscillator which is principally operated in a microwave or 
10 millimetric-wave region. 

Description of the Related Art 

An oscillator composed of a semiconductor integrated 
circuit is well known. In the oscillator, on a substrate, 
there are provided a resonant circuit for generating a 
high-frequency signal having a predetermined frequency, and 
a transistor for amplifying the high-frequency signal (for 
example, see Japanese Laid-open Patent Publication No. 64- 
5206) . 

Meanwhile, in the conventional oscillator of this type, 
it is probable that an excessive power is inputted to the 
transistor' in an equilibrium state of oscillation so that 
the device . breakdown or deterioration of noise 
characteristic is caused. Therefore, in the conventional 
oscillator, in general, in order to avoid these 
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disadvantages, the small signal loop gain is decreased to 
achieve the equilibrium state* of oscillation by a lower 
electric power. 

As described above, in the conventional oscillator, in 
5 order to reduce the power inputted to the transistor in the 
equilibrium state of oscillation, the small signal loop 
gain is decreased to achieve the equilibrium state of 
oscillation by a lower power. In consequence, in the 
• conventional oscillator, for example, the variation in 

10 characteristic to the variation in gain of the transistor 
is increased due to the variations in the environment 
temperature or manufacturing condition or the like. Thus, 
there occurs such a problem that a countermeasure for an 
excessive input of the power cannot be actually achieved in 

15 many cases. 

SUMMARY OF THE INVENTION 

The present invention, which has been developed to 
solve the conventional problems described above, has an 
20 object or a problem to be solved to provide a semiconductor 
integrated circuit device or an oscillator which can 
decrease an oscillation power when an equilibrium state of 
oscillation is achieved, without decreasing a small signal 
loop gain. 

25 A semiconductor integrated circuit device according to 



the present invention, which has been . achieved to solve the 
above-mentioned problems, is characterized in that it has a 
circuit structure for regulating the power amplitude by 
using a diode. More specifically, in the semiconductor 
integrated circuit device, a resonant circuit, a 
transmission line, an active element and an output-matching 
circuit are arranged on one main surface (or a spreading 
surface) of a substrate. The resonant - circuit . resonates at 
an .arbitrary (or predetermined) frequency. The 
transmission line has an end portion connected to the 
resonant circuit and transmits a high-frequency signal of 
the frequency. The active element has a first electrode 
connected to the other end portion of the transmission line, 
a second electrode which is grounded through a reactance 
element, and a third electrode. The output-matching 
circuit includes a diode section for regulating an 
oscillation power and a high-frequency signal output 
terminal. An end portion of the diode section is connected 
to the third electrode of the active element. The high- 
frequency signal output terminal is connected to the other 
end portion of the diode section. 

As described above, the semiconductor integrated 
circuit device according to the present invention has the 
circuit structure which regulates the power amplitude by 
using the diode. In consequence, the oscillation power 
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obtained when the ' equilibrium state of oscillation is 
achieved, can be decreased without decreasing the small 
signal loop. gain. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various characteristics and advantages of the present 
invention will become clear from the following description 
taken in conjunction with the preferred embodiments with 
reference to the accompanying drawings throughout which like 
parts are designated by like reference numerals, in which: 

Fig. 1 is a circuit diagram of an oscillator according 
to the first embodiment of the present invention; 

Fig. 2 is a graph showing a relationship between a 
reflection characteristic of a diode and an oscillation 
power in the oscillator shown in Fig. 1; 

Fig. 3 is a graph showing a relationship between a 
loop gain and an oscillation power in the oscillator shown 
in Fig. 1; 

Fig. 4 is a circuit diagram of an oscillator according 
to the second embodiment of the present invention; 

Fig. 5 is. a graph showing a relationship between a 
loop gain and an oscillation power in the oscillator shown 
in Fig. 4; 

Fig. 6 is a circuit diagram of an oscillator according 
to the third embodiment of the present invention; 
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Fig. 7 is a graph showing a relationship between a 
loop gain and an oscillation power in the oscillator shown 
in Fig. 6; . 

Fig. 8 is a circuit diagram of an oscillator according 
5 to the fourth embodiment of the present invention; 

Fig. 9 is a graph showing a relationship between a 
loop gain and an oscillation power in the oscillator shown 
in Fig. 8;. 

Fig. 10 is a circuit diagram of an oscillator 
10 according to the fifth embodiment of the present invention; 

Fig. 11 is a graph showing a relationship between a 
pass characteristic of an oscillation power regulating 
circuit and an oscillation power in the oscillator shown in 
Fig. 10; 

15 Fig. 12 is _a graph showing a relationship between a 

loop gain and an oscillation power in the oscillator shown 
in Fig. 10; 

Fig. 13 is a circuit diagram of an oscillator 
according to the sixth embodiment; 
20 Fig. 14 is a graph showing a relationship between a 

loop gain and an oscillation power in the oscillator shown 
in Fig. 13; 

Fig. 15 is a circuit diagram of an oscillator 
according to the seventh embodiment; 
25 Fig. 16 is a graph showing a relationship between a 
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loop gain and an oscillation power in the oscillator ' shown 
in Fig. 15; 

Fig. 17 is a circuit . diagram of an oscillator 
according to the eighth embodiment of the present 
5 invention; and 

Fig. 18 is a graph showing a relationship between a 
loop gain and an oscillation power in the oscillator shown 
in Fig. 17. 

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Several embodiments of the present invention will be 
described below with reference to the accompanying drawings. 
(First Embodiment) 

With reference to Figs. 1 to 3, the first embodiment 

15 of the present invention will be described below. Fig. 1 
shows the oscillator according to the first embodiment of 
the present invention. Fig. 2 shows the relationship 
between the reflection characteristic of a diode and the 
oscillation power in the oscillator shown in Fig. 1. Fig. 

20 3 shows the relationship between the loop gain and the 
oscillation power in the oscillator shown in Fig. 1. 

As shown in Fig. 1, in the oscillator (semiconductor 
integrated circuit device) according to the first 
embodiment, a FET 1 (field effect transistor), an output- 

25 matching circuit C2 having a diode 2 and an output terminal 



10, an LC series resonant circuit CI having a capacitor 3 
and an inductor 4, a transmission line 5, and a source 
inductor 6 are arranged on one main surface (spreading 
surface) of a substrate (not shown) composed of a 
semiconductor material. 

The capacitor 3 and the inductor 4 constituting the LC 
series resonant circuit CI are connected in series with 
each other. One counter electrode of the capacitor 3 is 
grounded, while the other counter electrode is connected to 
one end of the inductor 4. The other end of the inductor 4 
is connected to one end of the transmission line 5. In 
this manner, when oscillating electric signals are supplied 
from the outside to the LC series resonant circuit CI, the 
LC series resonant circuit CI resonates at a predetermined 
frequency (resonant frequency) to generate a high-frequency 
signal having the resonant frequency , and outputs the high- 
frequency signal to the transmission line 5. A variable 
capacitor (e.g. a varactor diode) may be used in place of 
the capacitor 3. In this case, when the capacitance of the 
variable capacitor is changed, the oscillation frequency 
can be changed. 

The other end of the transmission line 5 is connected 
to' the gate (first electrode)- of the FET 1. In consequence 
the transmission line 5 transmits the high-frequency signal 
having the resonant frequency, which is inputted from the 
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LC series resonant circuit CI, to the gate of the FET 1. 
In this case, the transmission line 5 determines the phase 
condition of the high-frequency signal. 

The source (second electrode) of the FET 1 is grounded 
through the source inductor 6 (reactance element) . The 
drain (third electrode) of the FET 1 is connected to the 
anode of the diode 2 constituting the output-matching 
circuit C2. The FET 1 amplifies the high-frequency signal 
inputted into the gate, and outputs the high-frequency 
signal from the drain to the output-matching circuit C2 
(diode 2) . The diode 2 regulates the oscillation power. 
The cathode of the diode 2 is connected to the output 
terminal 10 for outputting the high-frequency signal to the 
outside. 

As described above, in the oscillator according to the 
first embodiment, the FET 1 is used as an active element. 
However, any active element of another type, e.g. a bipolar 
transistor may be used in place of the FET 1. In Fig. 1, 
the bias circuit of the FET 1 is omitted to simplify the 
drawing. The same applies to the following second to 
eighth embodiments 2. 

In the oscillator shown in Fig. 1, the diode 2 is 
arranged to have a forward direction from the FET 1 to the 
output terminal 10. However, the diode 2 may be arranged 
to have a reverse direction opposing the direction shown in 
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Fig. 1. The circuits described above may be integrally 
formed on the semiconductor substrate like, e.g. an MMIC 
(Monolithic Microwave Integrated Circuit) . In addition, 
the circuit parts may be mounted after a transmission line 
5 pattern is formed on a ceramic substrate or the like. 

In the oscillator according to the first embodiment, 
as the oscillation power increases with growth of 
oscillation, the amplitude of the voltage applied across 
both the ends of the diode 2 increases. When the forward 

10 voltage applied to the diode 2 exceeds a threshold voltage, 
the impedance of the diode 2 decreases. In this case,, as 
shown in Fig. 2, the rate of the power reflected by the 
diode 2 decreases. As the result, as shown in Fig. 3, the 
loop gain in the entire circuit decreases. Therefore, the 

15 oscillation power obtained when the equilibrium state of 
oscillation is achieved, can be made smaller than that of a 
conventional oscillator without decreasing the small-signal 
loop gain. 
(Second Embodiment) 

20 The second embodiment of the present invention will be 

described below with reference to Figs. 4 and 5. However, 
the oscillator according to the second embodiment and the 
oscillator according to the first embodiment shown in Fig. 
1 have a lot in common. Therefore, different points 

25 between the oscillator according to the second embodiment 
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and the oscillator according to the first embodiment will 
be mainly described below to avoid overlapped descriptions. 

Fig. 4 shows the oscillator according to the second 
embodiment. Fig. 5 shows the relationship between the loop 
5 gain and the oscillation power in the oscillator shown in 
Fig. 4. As shown in Fig. 4, in the oscillator according to 
the second embodiment, the output-matching circuit C2 is 
provided with two diodes 2a and 2b which are arranged and 
connected in an inverse parallel manner. The other points 
10 are equal to those of the oscillator according to the first 
embodiment . 

In the oscillator according to the second embodiment, 
since the two diodes 2a and 2b are arranged in the inverse 
parallel manner, the same effect as that of the oscillator 

15 according to the first embodiment can be obtained on both 
the positive potential side and the negative potential side 
regarding to the amplitude of the oscillation power. In 
the oscillator according to the first embodiment, the 
effect can be obtained on only one side because only one 

20 diode 2 is arranged. In this manner, as shown in Fig. 5, 
in the oscillator according to the second embodiment, the 
oscillation power obtained when the equilibrium state of 
oscillation is achieved, can be made smaller than that in 
the first embodiment without decreasing the small-signal 

25 loop gain. 



(Third Embodiment) 

The third embodiment of the present invention will be 
described below with reference to Figs. 6 and 7. Since the 
oscillator according to the., third embodiment and the 
oscillator according to the first embodiment shown in Fig. 
1 have a lot in common, different points between the 
oscillator according to . the third embodiment and the 
oscillator according to the first embodiment will be mainly 
described below. 

Fig. 6 shows the oscillator according to the third 
embodiment. Fig. 7 shows the relationship between the loop 
gain and the oscillation power in the oscillator shown in 
Fig. 6. . As shown in Fig. 6, in the oscillator according to 
the third embodiment, the output-matching circuit C2 is 
provided with two diodes 2c and 2d which are arranged or 
connected in series with each other in the same direction. 
The other points are equal to those of the oscillator 
according to the first embodiment. The two diodes 2c and 
2d may be arranged in the direction opposing the direction 
in Fig . 6 . 

In the oscillator according to the third embodiment, 
since the two diodes 2c and 2d are- arranged in series with 
each other in the same direction, voltages applied to the 
diodes 2c and 2d are lower than those in the first 
embodiment. In consequence, as shown in Fig. 7, the 
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oscillation power obtained when the equilibrium state of 
oscillation is achieved, can be made larger than that in 
the first embodiment in the range smaller than that of a 
conventional oscillator without decreasing- the small-signal 
5 loop gain. 

(Fourth Embodiment) 

The fourth embodiment of the present invention will be 
described below with reference to Figs. 8 and 9. Since the 
oscillator according to . the fourth embodiment and the 
10 oscillator according to the first embodiment shown in Fig. 

1 have a lot in common, different points between the 
oscillator according to the fourth embodiment and the 
oscillator according to the first embodiment will be mainly 
described below. 

15 Fig. 8 shows the oscillator according to the fourth 

embodiment. Fig. 9 shows the relationship between the loop 
gain and the oscillation power in the oscillator shown in 
Fig. 8. As shown in Fig. 8, in the oscillator according to 
the fourth embodiment, two .choke inductors 7a and 7b (bias 

20 circuits) for applying DC biases to the diode 2 are 
arranged at portions on the anode and cathode sides of the 
diode 2, respectively. In addition, the output-matching 
circuit C2 is provided with a DC blocking capacitor 8. The 
other points are the same as those in the oscillator 

25 according to the first embodiment. The diode 2 may be 
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arranged in the direction opposing the direction of the 
diode 2 in Fig. 8. 

In the oscillator according to the fourth embodiment, 
since the DC biases can be applied to the diode 2, the 
5 center voltage of the amplitude of the high-frequency 
voltage applied to the diode 2 can be set to an arbitrary 
voltage. In consequence, as shown in Fig. 9, the 

oscillation power . obtained when the equilibrium . state of 
oscillation is achieved, can be made equal to an arbitrary 

10 value in the range smaller than that of a conventional 
oscillator without decreasing the small-signal loop gain. 
(Fifth Embodiment) 

The fifth embodiment of the present invention will be 
described below with reference to Figs. 10 to 12. Since 

15 the oscillator according to the fifth embodiment and the 
oscillator according to the first embodiment shown in Fig. 
1 have a lot in common, different points between the 
oscillator- according to the fifth embodiment and the 
oscillator according to the first embodiment will be mainly 

20 described below. 

Fig. 10 shows the oscillator according to the fifth 
embodiment. Fig. 11 shows the relationship between the 
pass characteristic of the oscillation power regulating 
circuit using a diode and the oscillation power in the 

25 oscillator shown in Fig. 10. Fig. 12 shows the 
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relationship between the loop gain and the oscillation 
power in the oscillator shown in Fig. 10. 

As shown in Fig. 10, in the oscillator according to 
the fifth embodiment, an amplitude power regulating circuit 
5 9 for regulating the oscillation power by using the diode 2 
is arranged at a portion between the transmission line 5 
and the FET 1. The anode of the diode 2 is connected to 
the line between the transmission line 5 and the. gate of 
the FET 1, and the cathode of the diode 2 is grounded. In 

10 this oscillator, any diode for regulating an oscillation 
power is not arranged in the output-matching circuit C2 . 
The other points are equal to those in the oscillator 
according to the first embodiment. The diode 2 may be 
arranged in the direction opposing the direction of the 

15 diode 2 in Fig. 10. 

In the oscillator according to the fifth embodiment, 
as the oscillation power increases with growth of 
oscillation, the amplitude of the power applied across both 
the ends of the diode 2 increases. When a forward voltage 

20 applied to the diode 2 exceeds a threshold voltage, the 
impedance of the diode 2 decreases. In this case, as shown 
in Fig. 11, the rate of the power passing through the 
amplitude power regulating circuit 9 decreases. As the 
result, as shown in Fig. 12, the loop gain in the entire 

25 circuit decreases. Therefore, the oscillation power 
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obtained when the equilibrium state of oscillation is 
achieved, can be made smaller than that of a conventional 
oscillator without decreasing the .small-signal loop gain. 
(Sixth Embodiment) 

The sixth embodiment of the present invention will be 
described below with reference to Figs. 13 and 14. However, 
the oscillator according to the sixth embodiment and the 
oscillator. according to the fifth embodiment shown in Fig. 
10 have a lot in common. Therefore, different points 
between the oscillator according to the sixth embodiment 
and the oscillator according, to the fifth embodiment will 
be mainly described below to avoid overlapped descriptions. 

Fig. 13 shows the oscillator according to the sixth 
embodiment. Fig. 14 shows the relationship between the 
loop gain and the oscillation power in the oscillator shown 
in Fig. 13.. As shown in Fig. 13, in the oscillator 
according to the sixth embodiment, the amplitude power 
regulating circuit 9 is provided with two diodes 2e and 2f 
which are arranged or connected in an inverse parallel 
manner. The other points are equal to those of the 
oscillator according to the fifth embodiment. 

In the oscillator according to the sixth embodiment, 
since the two diodes 2e and 2f are arranged in the inverse 
parallel manner in the amplitude power regulating circuit 9, 
the same effect as that of the oscillator according to the 
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fifth embodiment can be obtained on both the positive 
potential side and the negative potential side, regarding 
to the amplitude of the oscillation power. In consequence, 
as shown in Fig. 14, the oscillation power obtained when 
5 the equilibrium state of oscillation is achieved, can be 
made smaller than that in the fifth embodiment in the range 
smaller than that of a conventional oscillator without 
decreasing the small-signal loop gain. 
(Seventh Embodiment) 

10 The seventh embodiment of the present invention will 

be described below with reference to Figs. 15 and 16. 
Since the oscillator according to the seventh embodiment 
and the oscillator according to the fifth embodiment shown 
in Fig. 10 have a lot in common, different points between 

15 the oscillator according to the seventh embodiment and the 
oscillator according to the fifth embodiment will be mainly 
described below. 

Fig. 15 shows the oscillator according to the seventh 
embodiment. Fig. 16 shows the relationship between the 

20 .loop gain and the oscillation power in the oscillator shown 
in Fig. 15. As shown in Fig. 15, in the oscillator 
according to the seventh embodiment, the amplitude power 
regulating circuit 9 is provided with two diodes 2g and 2h 
which are arranged or connected in series with e.ach other 

25 in the same direction. The other points are equal to those 
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in the oscillator according to the fifth embodiment. The 
diodes 2g and 2h may be arranged in the direction opposing 
the direction in Fig. 15. 

In the oscillator according to the seventh embodiment, 
5 since the two diodes 2g and 2h are arranged in series with 
each other in the same direction in the amplitude power 
regulating circuit 9, voltages applied to the diodes 2g and 
2h are lower, than those of the fifth embodiment. In 
consequence, as shown in Fig. 16, the oscillation power 

10 obtained when the equilibrium state of oscillation is 
achieved, can be made larger than that in the fifth 
embodiment in the range smaller than that of a conventional 
oscillator without decreasing the small-signal loop gain. 
(Eighth Embodiment) 

15 The eighth embodiment of the present invention will be 

described below with reference to Figs. 17 and 18. Since 
the oscillator according to the eighth embodiment and the 
oscillator according to the fifth embodiment shown in Fig. 
10 have a lot in common, different points between the 

20 oscillator according to the eighth embodiment and the 
oscillator according to the fifth embodiment will be mainly 
described below. 

Fig. 17 shows the oscillator according to the eighth 
embodiment. Fig. 18 shows the relationship between the 

25 loop gain and the oscillation power in the oscillator shown 



18 



in Fig. 17. As shown in Fig. 17, in the oscillator 
according to the eighth embodiment, a choke inductor 7 for 
applying DC biases to the diode 2 is connected to the line 
between the transmission line 5 and the amplitude power 
regulating circuit 9. The other points are the same as 
those in the oscillator according to the fifth embodiment. 
The diode 2 may be arranged in the direction opposing the 
direction of the diode 2 in Fig. 17. " 

In the oscillator according to the eighth embodiment, 
since the DC biases can be applied to the diode 2, the 
center voltage of the amplitude of the high-frequency 
voltage applied to the diode 2 can be set to an arbitrary 
voltage. In consequence, as shown in Fig. 18, the 

oscillation power obtained when the equilibrium state of 
oscillation is achieved, can be made equal to an arbitrary 
value in the range smaller than that of a conventional 
oscillator without decreasing the small-signal loop gain. 

Although the present invention has been fully described 
in connection with the preferred embodiments thereof with 
reference to the accompanying drawings, it is to be noted 
that various changes and modifications are apparent to those 
skilled in the art. Such changes and modifications are to 
be understood as included within the scope of the present 
invention as defined by the appended claims unless they 
depart therefrom. 



